Abstract-The load scheduling is one of the prime concerns for the computation of tasks in a virtual distributed environment. Many meta-heuristic swarm based optimization methods have been developed for scheduling the load in cloud computing environment. These swarm intelligence based algorithms like PSO play a key role in determining the scheduling of the cloudlets on the VMs in the datacenter. Gravitational Search algorithm based on law of gravity schedules the load in an effective manner. Its potential has not been utilized in cloud for load scheduling. This paper proposes a linear improved gravitational search algorithm in Cloud (LIGSA-C). This presents a new linear gravitational function and cost evaluation function for cloudlets using gravitational search approach in cloud. The results are computed by particles for scheduling 10 cloudlets on 8 VMs in the cloud. The detailed analysis of the result is performed. This paper states that LIGSA-C outperforms the existing algorithms like GSA and PSO for minimized cost.
I. INTRODUCTION
The cloud computing is one of the incremental domains in the area of distributed computing. It works on the principle of virtualization. Distributed computing offers the benefit of communicating over a number of systems located over a wider area. It helps in remote area communication over the networks. The computing refers to the processing of the tasks in the system [1] . The objective of computation on the resources and tasks is to perform efficient utilization of the resources for the users. With the advent of the new advancements prime focus is on increasing the computational power day by day. It overcomes the drawback of peer to peer networks by using a central repository for storage and processing of the resources [7, 9] . The cloud extends the pay-as-youuse model to software and their applications. It provides us with a list of resources for managing the tasks provided by the users [26] . The paper explains the cloud computing framework for load scheduling of the cloudlets using the meta-heuristic algorithms.
Load scheduling is the process of assigning, processing and managing the tasks (cloudlets) on the virtual machines for the resources [6, 8] . The resources are scheduled in an efficient manner such that the tasks (cloudlets) take minimum response time, waiting time and processing time. The minimization or reduction of cost of computation is the other objective that needs to be fulfilled [4, 5] . The cost of computation and response time are interdependent. The lesser the response and waiting time of the computation the lesser is the cost involved. The meta-heuristic techniques are used for scheduling the load. This paper discusses some of the heuristic techniques using the swarm intelligence and physical significance. The load scheduling is performed using the physical laws that are universal in nature. The swarm intelligence deals with the swarm of objects or particles, ants, bees etc. [12, 14] . The concept of gravity given by Newton is also discussed for optimization of results. The law of gravitation is used for locating the best possible particle in the search space based on the force acting on the masses and the distance between the masses. The gravitational search algorithm is discussed along with proposing a new linear improved gravitational search algorithm in cloud (LIGSA-C). The cloudlets are scheduled in such a manner so that the tasks minimize the cost of computation. This dynamic nature of the algorithms is used for processing as it includes a larger search space. The randomized selection of the particle is discussed in the algorithm using improved gravitational search algorithm such that the total cost is minimized. This is evident from the results of the proposed scheme (LIGSA-C) with the existing schemes like PSO (Particle Swarm Optimization) [17] [18] [19] and GSA (Gravitational Search Algorithm) [21] [22] [23] . Thus, the prime goal of minimizing the cost of computation or the total cost in scheduling the cloudlets on the virtual machines (VMs) on the datacenter is to be fulfilled. The CloudSim Simulator [2] is used as a tool for performing the scheduling using the algorithms on the network.
This paper provides an insight on Load scheduling using gravitational search algorithm in Section 2. Section 3 elaborates the proposed scheme Linear Improved The distributed computing has evolved into cloud computing using the virtual framework of data storage [3] . It has evolved from the grid computing framework i.e., from gridlets to cloudlets for processing the resources. It uses the power of client-server architecture of the cloud to meet the needs of the end users. The benefits of cloud computing are large by taming them for larger computational power, scalability and lesser time for processing of cloudlets [27] . All these capabilities lead to reduced computational cost of the system [12, 14] . The cloud behaves like a centralized server that stores huge amount of data in the system. The data can be processed by the server by the various clients located at distributed locations. The requests sent by users are scheduled on the basis of Newton's laws of gravity [10] . The requests are received as cloudlets by the virtual machines on the data center for processing. These are scheduled on the basis of the real world scenario using the bees, ants or particles over the virtual machines in swarm intelligence based algorithms like Genetic Algorithm (GA) [26] , PSO (Particle Swarm Optimization) and physical laws like Newton's law of gravitation. The law of gravity is followed by the GSA (Gravitational Search Algorithm) [11, 13] for calculating the force and acceleration between the particles. They follow the nature scenario for locating the food efficiently. The load scheduling is performed in PSO using stochastic nature of the particles and the convergence of the values in the search space [16, 20] . The goal of assigning the workflow of the tasks is such that the total cost of computation is reduced. For this the pbest (best position among all particles) and gbest (best particle in the entire population) values are calculated for the particles. These help in determining the velocity and position of the particles for further processing based on the values and fitness of the particle. In GSA, the masses are specified for each particle. On the basis of fitness value the next particle to be executed on the basis of the force and mass is computed. The Gravitational Constant used is exponential in nature which leads to larger set of values of search space [15, 24] . This is the drawback of the GSA for locating the next best particle [25] . The force and acceleration are calculated so the next best particles velocity and position is determined. This algorithm has been defined on the mathematical set of equations thereby resulting in lesser cost of computation than the particle swarm optimization technique. The next section overcomes these drawbacks of GSA by the proposed algorithm (LIGSA-C).
III. PROPOSED LINEAR IMPROVED GRAVITATIONAL SEARCH ALGORITHM IN CLOUD COMPUTING (LIGSA-C)
The proposed method Linear Improved Gravitational Search Algorithm in Cloud Computing (LIGSA-C) is an improved gravitational search algorithm technique in cloud computing environment. It is meta-heuristic swarm intelligence based technique depicting convergence of the search space which locates the next probable position of the particle. It focuses on the objective of parallel computation where the tasks are computed in parallel. The main focus of this approach is to reduce the total cost of computation incurred by the cloudlets. The cost of computation includes the execution and transfer cost of the particles. This approach is a new fresh method applied on the cloud for scheduling the load. The basis of this law of gravity and an improved method for cost calculation such that parallel execution is depicted. The law of gravity states that every particle using force gets attracted to other particle in the universe. The force is directly proportional to the masses of the particles and inversely proportional to the distance between the particles. It removes the drawbacks of gravitational search algorithm having greater search space using a linear gravitational constant function G and imbibes parallel computation using an improved cost evaluation function. It generates the better results having reduced computation time than the particle swarm optimization and basic gravitational search algorithm. It also achieves maximum utilization of the resources by the particle or objects. Once the optimal positions are located based on the fitness values calculated by the fitness equation, they are assigned to the cloudlets. The fitness value depends on the masses of the particles. The cloudlets further run on the virtual machines present in the datacenter using the datacenter broker. This is explained using a flowchart given in figure 1 using the updated cost evaluation function.
In a cloud environment, N cloudlets are taken for performing load scheduling. The cloudlets are allocated to specific number of virtual machines (V). The total possible solutions in the search space to allocate cloudlets is (V) N for the corresponding VMs. Each particle having d dimension is defined for a specific number of particles, X in search space having value of any number of virtual machine (V-1). LIGSA-C algorithm is applied to a number of particles to return the position of the global best in the search space. The particles are defined as:
The particles are distributed in the search space. The fitness function for each particle is calculated on the basis of the equation. The fitness value is dependent on the transfer ( ) and execution cost ( ) of the virtual machines and cloudlets. The minimized total cost of computation of the particles is calculated on the basis of equation (2) 
The fitness value of each particle in the search space is calculated. 
The force depends on the value of gravitational constant, G which is to be calculated at a time instant and reduced to increase the system efficiency. The force helps in locating the next optimal particle. The gravitational constant G(t) helps in specifying the next position of the particle. G(t) is the function of G 0 (initial value)and time t.
here represents a random value and represents maximum number of iterations. The force calculated on the basis of mass and distance helps in locating the potential of execution on the virtual machines. So, the force acting on mass i with respect to mass j particular instance of time t is computed as:
The gravitational force is inversely proportional to the Euclidean distance between the two particles X i and X j in the search space.
( ) is calculated by the equations (15) and (16) .
So, the total force acting on a specific particle in respect to other particles in the search space is calculated. The value of the function lies in the interval [0, 1) as a static value.
The acceleration by which the particle i is executed at a specific time t in the d-dimensional space depends on their force and the inertial mass of the cloudlet: 
The next particle to be chosen for execution depends on the velocity of the next particle to be calculated. The velocity of the next iteration of the particle ( + 1) is calculated on the basis of a uniform random function having value between [0, 1] along with the existing velocity and acceleration.. The next position of the particle ( + 1) to be executed depends on the original particle position and velocity of the particle. The velocity and position are computed as:
The process continues till the condition of maximum iterations is fulfilled. The cloudlets are assigned to respective virtual machines VMs on the basis of fitness value. Thus, the cloudlets are scheduled on the VMs. The results and the experimental setup are discussed in the next section. This algorithm reduces the cost of computation considerably.
IV. EXPERIMENTAL RESULTS & ANALYSIS
The proposed Linear Improved Gravitational Search Algorithm in cloud computing based on scheduling heuristics is evaluated in this section. The CloudSim Simulator is used for implementation of the algorithm for obtaining the results in the system. The Network CloudSim Simulator is based on the CloudSim. The platform is used for running the proposed LIGSA-C and existing approaches PSO and GSA. These algorithms are implemented on the simulator using the Swarm package JSwarm. The total cost of computation by the number of cloudlets on the number of iterations incurred after scheduling the load are elaborated in a tabulated and graphical manner on the basis of the new and existing algorithms. A set of 25 particles are distributed into 10, 15 and 20 cloudlets on 8 VMs in the simulator. Each cloudlet includes the fitness value, execution cost and transfer cost that needs to be handled by the cloudlet and execution cost on the VMs. The total cost is calculated based on these values.
The algorithms LIGSA-C, GSA and PSO are executed on a number of iterations ranging from 10 to 1000. The tabulated results of the total cost incurred using the proposed (LIGSA-C) and existing algorithms (GSA and PSO) on the 10, 15 and 20 cloudlets on 8 VMs in respect of no of iterations are provided in Table 1, Table 2 and  Table 3 . The figures 8 and 9 present the graphs of mean of the total cost versus number of cloudlets. This comparison is performed for GSA and LIGSA-C in Figure8 and for PSO, GSA and LIGSA-C in Figure 9 . Figure 10 shows the standard deviation of total cost versus number of cloudlets for the algorithms. The proposed Linear Improved Gravitational Search Algorithm in Cloud (LIGSA-C) algorithm as seen on a large set of data sets. The statistical analysis predicts that proposed algorithm performs better than the existing algorithms like gravitational search algorithm and particle swarm optimization based on the total cost of computation incurred by them. The total cost incurred in scheduling the cloudlets over the virtual machines based on set of particles. The mean and standard deviation proclaim that LIGSA-C produces lesser computational cost as seen in figure 8 and 9 . Thus, by analysis we state that the Linear Improved Gravitational Search Algorithm in cloud (LIGSA-C) presented reduced total cost of computation to load scheduling problem then its counterparts like GSA and PSO.
V. CONCLUSION AND FUTURE WORK
This paper elaborated load scheduling the prime objective in the cloud computing environment between cloudlets and VMs. The meta-heuristic based swarm intelligence techniques for load scheduling like PSO and GSA algorithm have been elaborated. The proposed Linear Improved Gravitational Search Algorithm in cloud (LIGSA-C) approach aimed to reduce the total computation cost of the system with greater VM utilization. A linear function to calculate gravitational Constant has been proposed such that search space is modified. The parallel processing of the tasks has been performed using a new cost evaluation function. The statistical analysis of the results is showcased for comparison of results. The results of the proposed approach LIGSA-C has been compared with the existing scheduling algorithms like PSO and GSA in a tabular and graphical manner. As evident, the proposed Linear Improved Gravitational Search Algorithm in cloud computing environment (LIGSA-C) produced reduced results in terms of total transfer time and total cost of execution. The future work aims to minimize the total cost by working on new swarm intelligence techniques for load scheduling.
